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Nucleon Resonance Electrocouplings from Data On Exclusive Meson Electroproductior

with CLAS
Exclusive meson Excited proton Q>2-ranges for extracted
electroproduction states Y,pN* electrocouplings, GeV?
channels
7%, m'n A(1232)3/2* 0.16-6.0
N(1440)1/2-,N(1520)3/2", 0.30-4.16
N(1535)1/2
m'n N(1675)5/2, N(1680)5/2* 1.6-4.5
N(1710)1/2°
np N(1535)1/2 0.2-2.9
TP N(1440)1/2*, N(1520)3/2° 0.25-1.50
2.0-5.0 (preliminary)
A(1620)1/2,, N(1650)1/2,
N(1680)5/2*, A(1700)3/2, 0515
N(1720)3/2*, N’(1720)3/2"

The website with numerical results and references:
https:/luserweb.jlab.org/~mokeeviresonance_electrocouplings/

Interpolation at0.5 GeV?<Q?<7.0 GeV? for resonances in the mass range of W<1.8 GeV
is available in: A.N. Hiller Blin et al., Phys. Rev. C 100,035201(2019)



Electrocouplings of N(1440)1/2* from =N and n*np

Electroproduction off Proton Data
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Consistent results on N(1440)1/2* electrocouplings from independent studies of two major 7N and 71 p
electroproduction channels with different non-resonant contributions allow us to evaluate the systematic
uncertainties of these quantities in anearly model-independentway



Electrocouplings of N(1520)3/2" from =N and n*x'p
Electroproduction off Proton Data
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Consistent results from 7N and n*7p electroproduction off proton data on electrocouplings of N(1440)1/2* and
N(1520)3/2 resonances with the biggest combined contribution into the resonant parts of both channels at
W<1.55 GeV strongly support the capabilities of the developed reaction models for credible extraction of
resonance electrocouplings from independent analyses of both N and *1p electroproduction



Electrocouplings of High-Lying Resonances from n*n Electroproduction off Proton Data

K.Park et al., CLAS Collab.,,
Phys. Rev. C91, 045203 (2015).

The first results on electrocouplings of N(1675)5/2;,
N(1680)5/2*, and N(1710)1 /2" resonances have
Become available at 2.0<Q2<5.0 GeV? from the CLAS
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Summary of Published CLAS Data on Exclusive Meson Electroproduction off
Protons in the N* Excitation Region

Hadronic final state | Covered Covered Q*- Measured
W-range, GeV range, GeV? observables
n 11138 0.16-0.36 do/dQ
1.1-1.55 0.3-0.6 do/dQ
1117 1.7-45 do/dQ, A,
1.6-2.0 1.8-4.5 do/dQ
TTDP 1.1-1.38 0.16-0.36 do/dQ
1.1-1.68 0.4-1.8 do/dQ. A,AA,,
1.1-1.39 3.0-6.0 do/dQ
np 1.5-2.3 0.2-3.1 do/dQ
KA thresh-2.6 1.40-3.90 do/dQ
0.70-5.40 Po, P’
K30 thresh-2.6 1.40-3.90 do/dQ
0.70-5.40 P’
TP 1316 0.2-0.6 Nine 1-fold
14-2.1 0.5-1.5 differential cross
14-20 2.0-5.0 sections

* do/dQ-CMangular
distributions

* A, ALA, -longitudinal
beam, target, and
beam-target asym-
metries

* P9, P’ —recoil and
transferred polarization
of strange baryon

Over 150,000
data points!

Almost full coverage
of the final state hadron
phase space

The measured observables from CLAS are stored in the




Objective

Evaluation of exclusive N7 differential cross sections in an
arbitrary point of the resonance region at Q% <5 GeV/?,
W <1.7 GeV and for any beam energy.

» The first step: the evaluation of the N7 exclusive
structure functions

for electroproduction channels v*p — 7n, v*p — 7%
at W< 1.7 GeV, > < 5 GeV?



Cross sections and structure functions

The structure functions can be obtained by fitting the CLAS
experimental data:

do do
— (W, @? G,p) = -
dQ( @7, cosVp) dQ

+ V2e(l+¢)- %(W, Q?,cos¥) - cos p

dO’tt

(W, @%,cos9) + & Q (W, Q?,cos ) - cos 2 +

do, dow dop

where , , stand for: unpolarized, transverse-transverse, and
- dQ T dQ T dQ ) ) o )
longitudinal-transverse structure functions respectively; e - polarization of a virtual

photon.

The studied reactions:
Yp — 7mtn

v'p — 7%

X \ </ Scattered Electron



Data selection

» The data points with relative uncertainties > 0.7 were
excluded.

» The data points which deviated from fit >+1.5 o were
excluded.

> (W,Q?, cos?) bins with less than 4 data points were
excluded.



The methods for extraction of the exclusive structure
functions

» Method 0. The data cover the full ¢ range [0, 27]. The data fit according to equation:

do > doy > dogt > doy >
E(W,Q ,cos ¥,p) = E(W,Q ,cosﬁ)-f—s-E(W,Q ,cosﬁ)~c052<p+g/25(1+5)~E(W,Q , cos 1)-cos ¢
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The methods for extraction of exclusive structure functions

Observable quantity measured (Y axis): do/d€2. mcbn/sterad
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The methods for extraction of exclusive structure functions

» Method 1: The data are available in Ay range [©min,@max]

d 1 %’maxd d P max d P max
o _ 9o . 9o _  dor
9D method 1 Do = . / Y dp — ¢ 70 cos 2pdp 2e(1+¢) 7 / cos pdp
P min Pmin P min
do .
—  stands for the experimental data.
dQ exp
datt dU/t .
, are determined from the data fit from i to
dQ dQ Pmin ©max
» Method 2:
d P max d Pmin d 27 d
oy 1 o o o
_ L fde gy / 99 oy / ao g
dQ method 2 2w / dQ exp 4 dQ proj 14 dQ proj 7
min 0 P max
do

—_— is determined from the data fit from @min t0 Ymax
dQ proj



The methods for extraction of the exclusive structure
functions

Observable quantity measured (Y axis): do/dQ, mcbn/sterad

Observable quantity measured (Y axis): do/dC2, mebu/stera

t t ;
“E ks i £ 3 4
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Parameter (X axis): o, deg Parameter (X axis): o(x), degree
One gap Two gaps

»> Methods 3 and 4: There are one (method 3) or two (method 4) gaps in the
p-dependence of the experimental data

> [%f“da dw}

doy _ i [ Pmini dQexp
dQ method3,4 Pmax i Pmax i
32 | (Pmaxi — omini) +ree - ([ cos2pdp) +re - ([ cospdy)
i Pmin i Pmin i
doyw ,doy doy ,doy
here =c- , = /2¢(1 et
where rie = e o/ gt A+ 2o /4



The methods for extraction of the exclusive structure

functions

‘Z’g, ‘2‘3 via Method i (i = 1,2,3,4):
dUtt o 1 dUu r
dQ method i & dQ method i
d(j’lt 1 dUu

—_ . - 1
dS2 method i \/2e(1+¢) dS2 method i i

o dO'tt/dO'u
R To N ATo)
d do,
e =+/2e(1+¢)- Ult/ g



Unpolarized structure functions from different methods

do, / dQ, mcbn/sterad
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Unpolarized structure function

Unpolarized structure function
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a) 7"n, W =131 GeV, Q% = 0.3 GeV?
b) 7%, W = 1.4 GeV, Q? = 0.65 GeV/?



Separation between transverse and longitudinal structure
functions

do .. do . .
The transverse d—Qt and longitudital d—Q’ structure functions were obtained from

. doy . . . .
unpolorized 99 structure function by employing the experimental results on the ratio

dO’/ dot
T dQ’ da
2 -1
doy _ doe , doy (1+2” +Q tanzg)
dQ dQ2 aQ’ Q2 2
W2 Q- M 0 2
V:Ebeamezip sinzsz—
2Mp 2 4Ebeam(Ebeam - V)

€ is polarisation of a virtual photon
! .
E , 6 are the energy and the angle of scattered electron in lab frame.

doy doy

dot 49 do; _ " 49
dQ2 1+¢R dQ2 1+¢R




The structure functions for 7 n exclusive channel at
W =121 GeV, Q* = 0.3 GeV/?

T: Transverse structure function L: Longitudinal structure function
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The structure functions for 7%p exclusive channel at

W = 1.46 GeV, Q% = 0.65 GeV/?

do/de2, mebn/sterad

do,/d0, mebrsterad

o

T: Transverse structure function
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TT: Transverse-Transverse structure function
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L: Longitudinal structure function
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The developed website

https://clas.sinp.msu.ru/"almaz/
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https://clas.sinp.msu.ru/~almaz/

Conclusions and outlook

. . do do dO-[ dUtt dO'/t
» Exclusive structure functions —r , —~ —
dQ’' dQ dQ dQ ' dQ
have become available from the CLAS 7tn, 7%
electroproduction channels of experimental data at

W € [1.1,1.7] GeV, @ € [0.25,5] GeV? for the first time.

» Evaluation of two-fold differential 7+ n, 7°p virtual photon
cross sections in an arbitrary point of the aforementioned
kinematic area is in progress.

» The developed methods can be used for extraction of N7
exclusive srtucture functions in the DIS region.



